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Our previous study in Singapore was focused on severe ocular trauma among Singapore residents, using hospital discharge and surgical procedures data. 16 We observed an annual incidence of 13/100 000 hospitalisation for ocular trauma, a higher risk in men compared with women, and a bimodal age pattern with a higher risk in the young and the elderly. In addition, we observed racial variation in rates in men (with Indian men having twice the rates compared with Chinese or Malay men) but not in women, suggesting this may be related to different race-specific risk exposures in men (e.g. work, sports).
Although hospital discharge and surgical procedures data provide good estimates of the morbidity of severe ocular injury, they have well-defined limitations. 17 First, the retrospective nature of these studies creates opportunities for inaccurate coding, misc1assification and other biases. Second, critical information on aetiology and the setting of trauma, treatment and prognosis, as well as the use of eye protective devices (EPD), is usually not available. Third" less severe injuries not requiring admission to hospital or ophthalmic surgery are not captured. The burden of these injuries cannot be dismissed easily because they can potentially lead to sight threatening complications (such as traumatic infective keratitis), incur both cost of medical care (direct costs) and time lost from work (indirect costs), and are often the most amenable to preventive measures such as EPD. 5 , 17 In response to these limitations from our previous study, we conducted a prospective survey of cases presenting to the emergency service of a large tertiary Singapore hospital to describe the setting, cause and nature of ocular trauma not requiring hospitalisation, and to determine the prevalence of EPD use among work-related injuries.
Methods

Study population
The study was a prospective survey involving all patients seen by the ophthalmic unit at the emergency service of the Singapore General Hospital (SGH). SGH is the largest tertiary hospital in Singapore, and sees a wide variety of cases from the entire island. In 1997, out of a total of 547 178 patients seen at all casualty departments in Singapore, 145 368 patients (26.6%) were managed at the casualty department in SGH (data from the Information Services Department, Ministry of Health, Singapore, 1999). Of these, 40 502 were patients with trauma as the principal cause of presentation.
Patients seen at the emergency service in SGH are first managed at the triage section and are directed to either general care or appropriate specially units (e.g. ophthalmic, plastic, otolaryngology units) located within the service. The ophthalmic unit at the emergency service is staffed by ophthalmologists from the Singapore National Eye Centre (SNEC), a tertiary ophthalmic centre located within the SGH compounds. Due to the high daily patient volume, the ophthalmic unit is manned 24 hours a day by an ophthalmology resident. For all cases, the resident will normally take a history, perform an ocular examination and dispense medication or other treatment, with the help of the nursing staff. For this study, all patients seen by the ophthalmic unit for a 3 month period (1 August 1997 to 31 October 1997) were included.
Data collection and definition
During the study period, a standardised data form was designed to collect the following information: patient demographics, presenting complaints, presenting visual acuity, clinical diagnosis, management and consultation outcome. In addition, for ocular trauma cases, information on setting and aetiology of injury was collected. If the injury occurred at work, questions were also asked regarding the use of EPD.
Ocular trauma was defined as any injury or foreign body affecting the eye or adnexa. Consultation outcome was coded as one of the following: (1) admitted to the SGH's ophthalmology ward for inpatient care; (2) referred to the SNEC for specialist outpatient care; and (3) discharged from further ophthalmic follow-up. Use of EPD was classified into three categories: (1) yes, used at the time of injury; (2) no, not used because EPD were not provided; (3) no, not used although EPD were provided. When the person did not use EPD, further questions were asked regarding the reason for not using them and coded as a 'free text' answer in the data form.
Age was defined as the age at presentation. Residency status and race were defined as follows: Patients were defined as Singapore residents if they possessed national identity numbers (and had national identity cards). For this group, race was classified into one of four main ethnic groups: Chinese (refers to persons of Chinese origin such as Hokkiens, Teochews, Cantonese, Hakkas), Malays (refers to persons of Malay or Indonesian origin such as Javanese), Indians (refers to persons of Indian, Pakistani, Bangladeshi and Sri Lankan origin such as Tamils, Bengalis) and others (comprising all persons other than the first three categories such as European, Eurasian, Arab and Japanese). Patients without national identity numbers were defined as non-residents. This group included foreign non-residents working in Singapore (on a working permit pass) and other ad hoc non-residents (e.g. tourists). Race in this group was classified according to country of origin (e.g. India, Bangladesh, China).
To determine whether seasonal variation in cases presenting to the emergency service was significant, we also analysed retrospectively the case records of a random 10% sample of all patients seen up to 9 months preceding the study (1 November 1996 to 31 July 1997). Basic data on number of injuries per month, age, gender and race of patients, as well as clinical diagnosis, were compared with our 3 month survey.
Statistical analysis
Routine statistics, including proportions, means and chi square tests, were carried out with SPSS (SPSS, Chicago, IL). Odds ratios (OR) and 95% confidence intervals (95% CI) were computed to evaluate the strength of association between various factors (e.g. age) and trauma cases, using non-trauma-related cases as the comparison group, The tenets of the Declaration of Helsinki were followed and the institutional review board of the Singapore National Eye Centre approved the study.
Results
A total of 1631 patients were seen at the SGH's casualty department during the study period, of which 863 (52.9%) had a clinical diagnosis of ocular trauma. Compared with non-trauma cases, trauma cases were more likely to be male (OR: 4.2, 95% CI: 3.0, 5.4), less than 40 years of age (OR: 3.2, 95% CI: 2.7, 4.1) and non residents (OR: 6.2, 95% CI: 3.7, 10.5) ( Table 1) . Among the non-residents, the four most common countries of origin of these patients were: Bangladesh, China, Malaysia ami India. Trauma cases generally presented earlier, had better presenting visual acuities, were more likely to have unilateral eye involvement and less likely to require follow-up or hospital admission than non-trauma cases.
For the trauma group, superficial injuries, including superficial foreign body and corneal abrasion, were the most common diagnoses, while open globe injury occurred in only 17 cases (2%) ( of acute glaucoma seen during this period (6.4%), but 32 required hospital admission for treatment (32.3% of all hospitalisations ). Work-related injury was the most common cause ( Fig. 1) , accounting for 590 (71.4%) cases of ocular trauma, followed by home-related, sports-related and assault-related injuries. For work-related injuries, the construction industry was the most common setting for ocular trauma (Fig. 2) and grinding, cutting metal and drilling were the specific activities in more than 90% of cases (Fig. 3 ). An analysis of EPD use was conducted among patients with work-related injury. Of the 590 cases, 61
were excluded because EPD use was not considered appropriate for the activity at the time of injury (e.g.
injury from falling at the work site). Overall, only 115 (21.7%) used some form of EPD, another 231 (43.7%)
were provided with EPD but did not use them at the time of injury and the remaining 183 (34.6%) reported that they were not provided with EPD for that activity. We did not find significant variations of EPD use among different age groups, gender or race (data not shown).
However, use of EPD was associated with less likelihood of needing either hospital admission or outpatient Specific activities associated with frequency of EPD use were also analysed and are presented in Table 3 . When performing construction-related activities (such as cement mixing), none of the patients reported using EPD, and 70% reported that they were not given any EPD. On the other hand, nearly 50% of those involved in welding were using EPD at the time of injury and only 10% reported that they were not given EPD for welding. information regarding the epidemiology of less severe, non-hospitalised ocular trauma in Singapore from the emergency service setting. We confirmed the universal pattern that ocular trauma occurred in young adult males, irrespective of the severity of ocular trauma and country of origin. I -IS The higher risks in young men appear to reflect a combination of a higher risk of work-related, assault related, sports-related and motor vehicle crash-related ocular injuries P Work-related eye injury was the most common setting for ocular trauma in Singapore, accounting for more than 70% of our ocular trauma cases. The proportion of ocular trauma occurring at work varies between studies, with figures ranging from as low as 15% of all ocular trauma cases at an urban trauma centre in Los Angeles (where the most common aetiology was related to assault) 6 to as high as 70% reported in the United Kingdom Y Beyond the medical implications, including the risk of blindness, work-related eye injuries are associated with socioeconomic costs, including the direct cost of medical care and indirect costs such as time off work, loss of income and long-term disability. I8 -2o For severe injuries requiring hospitalisation, one study estimated annual hospital charges (excluding professional fees) of US$14.6 million in the United States when work-related ocular trauma was the principal admitting diagnosis, and US$40 million when ocular trauma was either a principal or secondary diagnosis. I8
Of greater public health significance, we found that the majority of work-related injuries were among non resident 'foreign workers' in Singapore. In Singapore, as in many other affluent countries in East Asia (e.g. Hong Kong, Taiwan, Japan), a rising proportion of the workforce is composed of foreign labour from less developed countries employed on temporary work permits ? I As of 1997, there were approximately SOD 000 foreign workers in Singapore, nearly one-third of the entire labour force. 22 Most of these workers were employed in high-risk injury settings such as construction, shipyard and metal-related industries. In our study, we could not estimate the incidence of ocular trauma to determine whether foreign workers were at higher risk of ocular trauma compared with similar workers who were Singapore residents. However, the magnitude of work-related ocular trauma among foreign workers deserves attention from industrial safety agencies in Singapore (e.g. Industrial Safety Division of the Ministry of Manpower) and perhaps similar agencies in other countries in East Asia that depend heavily on foreign labour.
Another disturbing fact was that only 20% of patients with work-related eye injuries used EPD. The low prevalence of EPD use has been a consistent finding in almost every ocular trauma survey in different settings 5 , 1l -I3 , 20 , 23 and in different industries. 24 -27 At least in theory, prevention strategies focusing on the use of EPD in the work place should have a high likelihood of success. First, work practice policy and legislation allow implementation of strict guidelines, including mandatory use of EPD. Second, most work-related ocular injuries occur in well-defined, predictable and consistent settings and activities. For example, grinding, welding and cutting metal, drilling and hammering were the specific activities in 62% of our work-related injuries and more than 75% of work-related injuries in a UK study ? This therefore allows precise identification of specific work related activities in which EPD should be used. Third, the vast majority of work-related eye injuries are minor (superficial foreign body and corneal abrasions made up 80% of ocular trauma cases) and are therefore amenable to prevention with relatively lightweight EPD.
However, as our study and others 23 -27 have indicated, EPD have not been effective in preventing work-related eye injuries. Our data showed that non-availability of EPD was a common problem (44%) while non compliance was another (35%). We felt that the language barrier between foreign workers and supervisors was an important factor influencing the low prevalence of EPD use. Supervisors often had the difficult task of explaining the requirements of EPD use (among other safety instructions) to a diverse group of workers from different countries with different languages. Other factors reported elsewhere include use of inappropriate EPD or non-safety eye-wear, 19 and failure of existing EPD in preventing injuries ? 4 A behavioural analysis of similar EPD use in the military setting indicated that provision of EPD without organisational and community involvement was ineffective in the prevention of ocular trauma ? S Similar analysis may be needed to identify factors to increase effectiveness of EPD use in the workplace.
Our data indicate that annually about 3400 ocular trauma cases are managed by the emergency service in SGH (863 ocular trauma cases were seen in our 3 month study). Based on the fact that SGH handles approximately 25% of all emergency cases in Singapore, about 13 000 ocular trauma cases are seen annually in the emergency service setting in our country, an incidence of 400/100 000 per year (using the combined Singapore resident and non-resident population data as the denominator 29 ). As only about 3% of these cases require hospital admission (3.2% in our study), we further estimate an annual incidence of 12.8/100 000 ocular trauma cases requiring hospitalisation in Singapore, which closely approximates the data from our previous study based on hospital discharge records (12.6/100 000 per year). 16 In addition, as each emergency room visit costs a minimum of US$40, the annual direct cost of ocular trauma to Singapore is approximately US$500 0000. The total cost, however, is likely to be significantly higher when costs of hospitalisation, surgery, outpatient care, time off work and workmen compensation claims are included.
In conclusion, our present study showed that ocular trauma cases seen at the emergency service level in Singapore involved predominantly young non-resident men, were work-related in association with well-defined activities, and were generally minor and potentially preventable. The high proportion of ocular trauma cases among foreign workers is a source of concern, and has implications for other countries that rely heavily on these people in their workforce. The low frequency of eye protective device use reinforces the need for a better understanding of the limitations of existing occupational eye safety programmes.
